Abstract. In this study, the levels of the natural and artificial radioactivity in soil samples collected at various depths from Algerian agricultural region El-Athmania Mila was measured. Activity concentrations of the concerned radionuclides were determined by gamma-ray spectrometry using a high-purity germanium detector. To evaluate the radiological hazard of radioactivity in samples, the radium equivalent activity (Raeq), the absorbed dose rate (D), the annual effective dose and the external (Hex) and internal hazard indices (Hin) were calculated. The mean of the excess lifetime cancer risk observed in this study are under the world's mean values.
Introduction
Every day, we ingest and inhale radionuclides via the consumption of food, water and air. All types of food including wheat and apple contain detectable amount of radioactivity, which successively relocate into the human body via the ingestion pathway. We know also, that the activity of food is strictly linked to the activity of soil where food was implanted. At present, studies on health effects due to ionizing radiations have produced substantial evidences that exposure to high level of radiations can cause illness or even death. Despite a wellknown effect of cancer, scientists have long known that ionizing radiations with high doses may also cause mental retardations in the children of mothers exposed to radiations during pregnancy period [1] .
Among the various implanted soils, the soil of wheat and apples has been selected to study their activity, because wheat and apples crops are very widespread. The natural radionuclides present in soil and fertilizers consist mainly of 238 U, 232 Th isotopes with their daughter products and the 40 K [2] . The knowledge of activity concentrations and distributions of the radionuclides in these materials are of greater interest since it provides useful information in the monitoring of environmental radioactivity [3] .
The main objective of this paper is to determine the activity concentrations of natural and artificial radionuclides in the soil samples collected from the region of Mila and to evaluate the radiological hazard. The results, may be used, as a reference data for monitoring possible radioactivity pollutions in future.
2.
Experimental procedures
Study area
Soil samples were collected from Mila region in the northeast of Algeria. Mila province lies in the longitude of 6° 16' E and in the altitude of 36° 27' N. It covers an area of 9375 km 2 and has a population of 768419. Mila among the best producers of cereals across the national territory.
Samples collection and preparation
In order to measure the natural radioactivity in the soil planted with apples and wheat, six soil samples were collected in the area referred in section 2.1. We took samples of soil planted with wheat and apples, at different depths going from 10 to 50 cm. The distance between the sites is 100 meters, separated by breezes Winds. The materials used for soil sampling are shovel, plastic bucket, boxes, pen or marker. The soil was collected in a clean plastic bucket and mixed well. Samples of 0.5 kg were ground, homogenized and sieved. They were dried for 48 h to ensure that the moisture is completely removed. Each sample was placed in a plastic box of radius 50 mm and 14 mm thick. Before the gamma analysis was carried out, the boxes had remained hermetically sealed for four weeks, in order to establish the radioactive secular equilibrium between the radionuclides of short half-lives. This step was necessary to ensure that the radon gas remains confined within the volume and that the daughters will remain in the sample [4] .
Experimental setup
The measurement had been carried out in the laboratory of low activities in Grenoble (LBA/LPSC) equipped with two low noise HPGe detectors. Each detector is surrounded by two cm of archaeological lead exempt from natural radioactivity and 15 cm of purified lead. The two detectors and their shielding is positioned at the center of a cube of two meters square of side surfaces, each face of the cube, with the exception of the ground, is in fact a liquid scintillation detector. These detectors act as veto prohibiting the acquisition of data during the passage of a cosmic ray. The energy calibration of the detectors was done using standard multi gamma sources. The resolution of the detectors in these measures was 0.85 keV and 1.85 keV at energies 122 keV and 1332 keV, respectively. The IAEA-RGU-1 and IAEA-RGTh-1 in powder form, installed in the same plastic box used for the samples, were used to determine the detectors efficiency curves. The activities of natural-series were 4940±30 Bq/kg for 238 U and 228±2 Bq/kg for 235 U in IAEA-RGU-1 and 3250±10 Bq/kg for 232 Th in IAEA-RGTh-1. InterWinner software (ITECH INSTRUMENTS) was used for the acquisition and treatment of the data collected by the detectors, taking into account the dead time. Each sample placed directly over the front of the detector was measured during an accumulating time between 48 and 72 h. The background spectrum was measured under the same conditions of samples during 1 month and was used to correct the calculated samples activities.
Calculations of activity concentrations and radiological indices 3.1 Activity concentrations
The activity concentrations of the radionuclides in the measured six samples (As) were computed using the following equation [5] ,
Where N is the net gamma counting, ε is the detector efficiency of the specific γ-ray, I is the absolute gamma intensity of gamma-decay, m is the masse of the sample (kg) and t is the time of measurements
Radiological Hazard Indices

Radium equivalent activity
As seen in the introductory part of this paper, the equivalent radium activity (Ra eq ) is a parameter used to estimate the external exposure due to the contribution of gamma emitters from 226 
Hazard Indices (H)
In order to evaluate the hazard of the natural γ radiation, the external hazard indices (Hex) was calculated from the following formula [8] , 
Absorbed dose rate
The external gamma dose rate Ḋ (nGy h 
Where C Ra , C Th and C K are the activity concentrations of 226 Ra, 232 Th and 40 K (Bq.kg -1 ).
The annual effective dose equivalent and excess lifetime cancer risk
To estimate the annual effective dose rates, the conversion coefficient from absorbed dose in air to effective dose for adults is (c=0.7 Sv/Gy) and outdoor occupancy factor (p=0.2) proposed by UNSCEAR were used UNSCEAR 2000 [12] . The effective dose rate in unit of (µSv/y) was calculated by following equation:
Where t is the annual exposure time (8760 h). Excess lifetime cancer risk outdoors (presented in table 2) was calculated as follows [13] : = _ . e . (8) Where D E (µSv) is defined in Eq (7), D L is the duration of life (70 y) and PC is the nominal probability coefficient for detriment adjusted cancer risk of 5.5*10 -2 Sv -1 for the whole population (ICRP. 2007).
4.
Results and discussion . This indicates a low presence of 235 U in samples because the natural abundance of 235 U is only 0.72% of the total uranium content [14] .
THE ACTIVITY CONCENTRATIONS
The 232 Th activity is lower than that of 226 Ra, whereas the 40 K activity is the highest one and represents the largest contribution to the total activity of soil.
Our results show the presence of 137 Cs in the soil with low concentrations in all samples (mean value =3.12 Bq.kg -4 . This study established a map of baseline information for future studies on radiation levels and radionuclide distribution in the environment of Mila. The results of the study serve as a reference for future assessment.
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Conclusion
